ABSTRACT Aim: We evaluated bowel function in healthy children with regard to gender and age. Methods: The study was carried out in 2016 at a tertiary children's hospital. Healthy children aged 3.5 years to 15 years who were admitted to the hospital, siblings to patients or offspring of staff members were included. Validated self-report questionnaires and internally developed questions regarding obstructive outlet-and gas-related symptoms were used.
INTRODUCTION
Bowel function is determined by pelvic floor anatomy, rectal sense, bowel motility and cognitive function and is suggested to be affected by diet and daily physical activity (1, 2) . Furthermore, bowel function is reported to influence quality of life to a large extent (3) (4) (5) . Therefore, the assessment of bowel function is important during childhood, both among healthy children and in evaluations of bowel management in different gastroenterological diseases and malformations (6) (7) (8) . However, bowel symptoms such as outlet obstruction and gas incontinence have not yet been assessed in children, despite the fact that these symptoms are reported to cause severe impairment among adults (9) .
Children born with congenital pelvic floor malformations are reported to have vulnerable bowel function (10) (11) (12) (13) (14) . To determine adequate goals for their bowel management and treatment, it is important to compare their bowel function to that of healthy children. In addition, knowledge about healthy children's bowel function may serve as a platform for taking action for enhanced treatment among all children, with or without pelvic floor malformations, to increase their quality of life.
Therefore, the aim of this study was to investigate bowel function in healthy children, according to gender and age, using traditional paediatric surgical tools for the assessment of bowel function and refinements, including obstruction, gas incontinence and abdominal pain.
METHODS

Settings and participants
This cross-sectional study was performed using a self-report questionnaire. It was conducted from September to November 2016 at a tertiary children's hospital, serving 700 000 residents in the local region and 2 million residents in the Abbreviation BFS, Bowel function score.
Key notes
The study was carried out in order to evaluate bowel function among healthy children to benchmark the outcome of children with congenital malformations. Constipation was common (17%) and untreated in 55%, although abdominal pain and foul odours were concomitant (51% and 57%, respectively). Overall, bowel function seemed to improve during childhood, but the frequency of untreated constipation remained. The results suggest that treatment of constipation should be considered more often. national region. Included for participation were healthy children aged 3.5 years to 15 years who were admitted patients at the hospital, siblings to patients or offspring of staff members. Healthy children were defined as children without any disorder or abnormality affecting the bowel or urinary tract and without any previous surgery in the urinary tract or in the anorectal region. This information was self-reported in the questionnaire. In addition to selfreported gastrointestinal and urological diseases, exclusion criteria were cognitive disabilities and metabolic diseases. Children younger than seven years old had their answers reported by their parents, and children older than seven years old answered the questionnaire with their parents. In the analyses, the children were divided into two age groups: preschool children, 3.5 years to seven years old, and school children, eight years to 15 years old.
Questionnaire
The questionnaire included 16 questions about bowel function (Appendix 1). The questions about bowel function were comprised of questions from the validated bowel function score (BFS) (7) and the international classification of Krickenbeck for postoperative results (8) . The BFS includes seven questions, with each question having three or four alternative degrees of severity. The outcome is calculated into a total score of 1-20 per patient where 20 constitutes the best outcome. A score of 18 and higher is classified as normal bowel function and a score below 15 as severely impaired bowel function (7) .
In addition to the two traditional questionnaires, six questions were added regarding gas incontinence, obstructive outlet symptoms, abdominal pain and the use of medications due to problems related to bowel function. The questions had been developed with 20 children with anorectal malformations and Hirschsprung's disease and their parents. The internal validity was confirmed through in-depth interviews on aspects of bowel function of concern in the children's daily life and in the families' point of view. The questions, answers and degrees of severity were created and refined with the respondents and then in the pilot study described below.
Obstructive symptoms were defined as difficulties in evacuating soft stools, which differed from constipation. The question and answer alternatives for constipation were the same in the BFS and Krickenbeck assessment. Both lacked the option of selecting constipation, but no treatment. In the internal development, it became evident that this alternative answer was relevant and necessary, and therefore, it was added in the questionnaire. In the analysis of BFS and the Krickenbeck assessment, constipation without treatment was grouped with the absence of constipation as both alternatives included a lack of treatment.
Only the items for which participants had answered all questions in any of the subcategories (BFS, Krickenbeck assessment, constipation, gas incontinence or other symptoms, including abdominal pain and obstructive symptoms) were included in the analysis.
Pilot study A pilot study was performed, in which the entire questionnaire was tested on 20 individuals to evaluate whether there were any questions with a high frequency of misinterpretation or missing answers. The pilot participants were given an opportunity to provide oral and written feedback on the questionnaire. After the pilot study, questions about abdominal pain and gas incontinence were refined linguistically.
Statistical analysis
A statistician assisted with the statistical design. The Statistical Package for the Social Sciences (SPSS) version 24 (IBM Corp, New York, NY, USA) was used. Nonparametric statistical methods were used because of the limited number of patients. The Mann-Whitney U-test and Fisher's exact test (two-tailed) were used for continuous and dichotomous variables, respectively. Statistical significance was set at p < 0.05.
Ethical considerations
This study had ethical approval from the regional ethical review board (registration number 2017/191). All participants were informed about the study both orally and on paper. Participation was anonymous, and the only personal characteristics registered in the data file were gender and age. In order that patients could be included in the study, parental consent from both parents was required if patients were younger than 15 years old, and a personal consent was required for participants who were aged 15 years or older.
RESULTS
During the study period, a total of 377 children were eligible for inclusion in the study, of whom 310 fulfilled the criteria for further analysis (Figure 1 ). Girls comprised 50% (n = 155) of the included children. There were no differences in the distribution of age or gender between children included and excluded in the study. No participant reported any use of diapers. The mean age (SD) was 8.6 (AE3.2) years for boys and 8.4 (AE3.3) years for girls. In the younger age group (3.5 years to seven years old), there were 135 children with a mean age of 5.5 (AE2.1) years, and in the older age group (eight years to 15 years old), there were 175 children with a mean age of 11.4 (AE1.8) years. The answer frequency for each question varied between 96% and 100%. Gender comparisons were performed for each question, and no significant differences were found (Appendix 2). Therefore, all of the following analyses were performed on mixed-gender groups.
Bowel function score (BFS) All questions within the BFS were answered by 294 children, 184 (63%) of whom scored the maximum of 20 points. The median total BFS was 20 (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) (20) for the entire cohort, with no difference between the age groups (Table 1) . Overall, the most commonly reported problem in the BFS was lacking the feeling of the urge to defecate at all times, reported by 46 (16%) participants, with no difference between the age groups. In comparison with the 175 older children, the 135 younger children reported significantly higher rates of soiling (13% vs. 5%) as a result of not always feeling the urge to defecate (23% vs. 10%) as well as faecal accidents (9% vs. 3%, Table 1 ).
Krickenbeck assessment
A total of 298 children answered all items on the Krickenbeck assessment. Voluntary bowel control was more frequently reported in the older (99%) than in the younger (94%) age group. Soiling was reported to occur to some degree by 24 (8%) participants, with no significant difference between the age groups ( Table 2) .
Constipation
In total, constipation was reported by 53 (17%) children, with no differences between children in the different age groups. Of all children reporting constipation, 29 (55%) had not taken any treatment, 32% had a dietary treatment, 11% had medication and 2% had enemas. With regard to untreated children, 19 of 27 (70%) were in the older age group, while 10 of 26 (38%) were younger children (p = 0.03, Table 3 ).
Gas incontinence, abdominal pain and obstructive symptoms The gas questions were answered by 302 children. Lack of controlling gas was reported by 48 of 302 (16%) children, with no significant difference between the age groups. Foul odours were reported by 114 of 302 (38%) children, and resulting social problems were more frequently reported by 65 of 132 (50%) younger children than 49 of 170 (29%) older ones (Table 4) . Two participants in the entire cohort had treatment due to gas-related problems.
Questions about abdominal pain and obstructive outlet symptoms were answered by 305 and 304 children, respectively. Any abdominal pain was reported by 93 of 305 (30%) participants. Frequent abdominal pain every day or week was reported by 10% of older and 8% of younger children. Outlet obstructive symptoms when defecating, despite soft stool, were significantly more common in the 34 of 133 (21%) younger age group than in the 30 of 171 (10%) older age group (Table 4 ). In total, 16 children (6%) had treatment for obstruction. Table 5 presents an overview of the number and percentage of concomitant bowel symptoms. In summary, 35 of 48 (73%) of those who reported a lack of gas control reported problems with foul odours, and 24 of 50 (50%) reported abdominal pain. Among children reporting constipation, 30 of 53 (57%) reported foul odours and 27 of 53 (51%) had regular abdominal pain. Among children with abdominal pain, 27 of 93 (29%) reported constipation.
Concurrent bowel symptoms
DISCUSSION
This study revealed that the most common bowel symptoms among healthy children were gas-related symptoms, abdominal pain and constipation, with no differences between the genders. Most bowel symptoms were more common among younger children, but neither the incidence of constipation nor total BFS differed between younger and older children. The majority of children with constipation had no treatment for the condition, despite one-third of Bowel function score n = 294
Krickenbeck n = 294
Constipation n = 308
Gas related n = 302
Abdominal pain n = 305
Obstructive symptoms n = 304 children with constipation reporting abdominal pain and gas-related symptoms. According to this study, constipation, abdominal pain and gas-related problems were present in 17%, 19% and 35% of all healthy children, respectively. Previously, the reported prevalence of constipation in healthy children ranged between 5% and 22% (6, (15) (16) (17) (18) . No previous studies have examined gas-related problems and abdominal pain in healthy children.
In the present study, for overall bowel function, as measured by the total BFS, the maximum score of 20 was achieved by 63% of the sample, and the median score was 20. This result was somewhat better than that of the Finnish study in which the BFS was developed, which reported that 54% of healthy children achieved the highest score in the BFS with a median score of 18 (12) . As Sweden and Finland are similar in terms of dietary trends and socio-economic parameters, the difference might be explained by the theory that bowel control evolves over the years (6, 19) , because the Finnish cohort was somewhat younger. In contrast to the age theory, the total BFS in our study did not differ between younger and older children, although the younger children reported soiling and an absence of bowel control more frequently than older children. In line with our results, in a Finnish study on healthy persons aged four years to 26 years, older participants also reported less soiling and faecal accidents, but compared to our results, the prevalence of soiling (35%) was much higher than our finding (9%) (6) . Overall, the reported prevalence of soiling in the literature among healthy children varies between 1.5% and 35% (6, (16) (17) (18) . Some of the differences in soiling prevalence might be explained by the use of different definitions and instruments for assessment. The possible effect of the use of different assessment tools is shown by the diverging results in our own study, in which bowel function was investigated using both the BFS and Krickenbeck assessment. According to the Krickenbeck assessment, 97% of the sample had voluntary bowel movements, while according to the BFS, 84% reported that they always felt the urge to defecate, and 93% reported always having the ability to hold back a bowel movement. Regarding constipation, the answer of alternative constipation but no treatment had not previously been included in any traditional evaluation tool, but we included this answer option in our study, as our findings suggested that it was relevant to practice. The overall incidence of constipation was 17%, and 55% of children with constipation had no treatment. The answer of having constipation without treatment was also important when understanding concomitant symptoms. Children with constipation frequently reported abdominal pain and foul odours and vice versa: children lacking control of gas frequently reported constipation, abdominal pain and foul odours. The results strongly indicate that there is a group of children who might be in need of bowel management for constipation. It must then be considered that this group of children might not be described as healthy as long as they need treatment. Additionally, as suggested by our results, obstruction and constipation should be evaluated as separate symptoms, because obstruction might be misinterpreted as constipation. In our study, 14% children reported obstructive (1) n (%). *Mann-Whitney U-test, two-tailed. (12) 22 (17) 15 (9) ≥1 times/week 7 (2) 5 (4) 2 (1) Always 0 (0) 0 (0) 0 (0) Uncertain 20 (7) 7 (5) 13 (8) n (%). *Mann-Whitney U-test, two-tailed.
problems but no constipation. To the best of the authors' knowledge, obstruction in children has not been previously explored. The results from this study may therefore serve as important control material in evaluating outcomes in children with Hirschsprung's disease, who often suffer from obstruction (20).
Regarding gas incontinence, inability to control gas was reported by 24% of the sample, and up to 38% reported problems with foul odours. Even so, only two participants had treatment due to gas problems. A majority (73%) of children with constipation and inability to control gas (57%) also reported foul odours. Speculating, these concomitant symptoms could be one of the reasons that more children reported foul odours than inability to control gas. No previous studies have reported on gasrelated problems in healthy children, but due to its importance for quality of life, the issue has been included in the regular follow-up in the International Registry of children with anorectal malformations. Male adolescents with anorectal malformations have reported that they experienced gas-related problems which influenced their quality of life (13) . We therefore advocate that gas-related issues should also be included in future studies regarding bowel function, as they probably play an important role in the daily life of children and adolescents and might be connected to constipation and the need for treatment.
In our study, abdominal pain was reported by 30% of the sample, which is clearly higher than that reported in a metaanalysis, in which 13.5% (range: 1.6%-41.2%) of children between four years and 18 years old were reported to have abdominal pain (21) . Possible reasons for this difference include varying definitions of abdominal pain or the defined length of periods with abdominal pain. However, in line with our results for gas-related problems, the possibility cannot be excluded that some of the abdominal pain might be explained by untreated constipation.
One strength of this study was that multiple aspects concerning bowel function were covered. Additionally, the refinement regarding constipation with no treatment enhanced the sensitivity. Further, the inclusion procedure at the hospital allowed children to be included without any bias in selection due to social class, as all children in the region have free access to health care and the same possibility of receiving medical counselling. This method created a diversified population with a high response rate. However, one possible weakness in the study is the limited number of participants, although the number is larger than that of most previous studies on healthy children. A larger population would enhance the chances of a more precise reflection of bowel function among the general population. Another weakness is that definitions of soiling and feeling the urge to defecate are not exact and therefore could be interpreted differently by respondents. Also, as the questionnaire assessment mainly was developed among patients with anorectal malformations and Hirschsprung's disease, the questions might not be equally pertinent to healthy children. However, the BFS questions had been developed among both patients and healthy children, meaning that these issues were possibly more relevant to healthy children.
Overall, this study is important not only for increasing knowledge about bowel function in healthy children but also for improving treatment in children with congenital pelvic floor abnormalities because this knowledge will serve as an important reference. It is clear that constipation in otherwise healthy children deserves wider recognition so that treatment can be provided. This priority is important to pursue to avoid the possibility of any social or educational limitation due to abdominal pain and foul odours.
CONCLUSION
Constipation, abdominal pain and gas-related problems were frequently reported by healthy children, but treatment for these issues was rare. Overall, bowel function seemed to improve during childhood in many aspects, but the frequency of untreated constipation remained.
FINANCE
The study did not receive any specific funding.
CONFLICT OF INTEREST
The authors have no conflict of interests to declare. (21) 15 (13) 10 (9) Gas: Low control n = 48
11 (23) 24 (50) 35 (73) 10 (21) 8 (17) 5 (10) n (%).
APPENDIX 1 Questions regarding bowel function
Questions regarding bowel function for children who use diapers daytime (most of the day) 1) How frequently does your child evacuate stool?
□ Less often than every other day □ Every other day/every day/twice a day □ More than twice a day □ Number of times per day Number of times per week 2) Does your child have constipation? (meaning hard stool that is difficult to evacuate and/or evacuates stool less than every other day due to problems with hard stool) 
